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table the d’ose can be ‘calculated for any ,combination of rrla’rirlef~~~ products.

The predicted doses from combinations of different fish will differ little

from the average values previously given.

DISCUSSION

Radionuclide concentrations in fish muscle tissue are summarized in

Table 9 from the results in Table 2 and Ref. 7 to show the average levels in

all reef and pelagic lagoon fish from each atoll or island. Table 10” shows

the average amounts accumulated in muscle tissue of individual reef fish and

all pelagic fish from all atolls or islands. Inspection of this and Table 2
90~r

S hews that concentrations of in muscle tissue are very 1Ow

(undetectable in many of the samples analyzed) and that there is little

difference in the average concentrations from the different fish from

different atolls or islands. This is not the case for
137

Cs and
239+240

Pu .

At all atolls or islands the muscle tissue of all reef fish contain

higher
239+240

concentrations of Pu than the amounts i.rrmuscle tissue of

pelagic lagoon fish. Further,
239+240

concentrations of Pu in second trophic

level species from Rongelap (mullet and convic t surgeonfish) differ

significantly from concentrations in these species from the other atolls or

islands. The similarities and differences that the results provide with

respect to tissue distributions, trophic level relationships, feeding habits,

and environmental concentrations of the transuranics

The food
137

chain behavior of Cs does
239+240

Pu. Whereas the muscle tissue of mullet

highest levels of Pu among all species analyzed,

lowest in the muscle tissue of the bottom-feeding

has been discussed.
28

not parallel that of

are found to have the
137

Cs concentrations are

fish such as mullet and

11



239+240 137c~
goatfish. Also unlike Ihl, highest average concentrations of

are found in the muscle tissue of the pelagic lagoon fish. A full discussion

137
of the Cs concentrations in fish and how these relate to environmental

and biological factors is in preparation. It is sufficient to point out here

137 239+240
that Cs and Pu are accumulated in higher concentrations in some

species than in others because of the capacity individual species of fish have

to accumulate these radionuclides from the environment. Therefore to minimize
137

ingestion of cs (presently the largest contributor to the small doses

from the marine food chain), species of bottom-feeding fish should make UP a

larger fraction of the marine diet.

COMPARISON OF FISH AND INVERTEBRATE RADIONUCLIDE CONCENTRATIONS TO THOSE OF

UNITED STATES AND OTHER MARINE FOOD PRODUCTS

Recent measurements of radionuclide concentrations in fish muscle tissue

and other marine dietary items from a variety of national and international

sources are summarized in Tables 11 and 12 respectively. Several obvious

generalizations can be made by comparing these independent results to our

analysis of fish radionuclide concentrations at the Marshall Islands. The
90

average concentrations of Sr in the muscle tissue of any species from the

atolls or islands fall within the range observed in fresh fish typically found

in the United States and Japanese markets.

The ‘0Sr is approximately two to three times less in fish from the
90

atolls or islands than the average Sr concentration found in fish products

imported to the United States for consumption.

If the sources for canned marine foods imported to Likiep, Wotho, Ailuk,

Ujelang, Utirik, Mejit, and Rongelap are those also supplying the United

States,
90

it is obvious that the Sr concentrations in present-day imported

fish exceeds the average concentration in the muscle tissue of all fish

indigenous to these atolls and islands. The 137Cs concentrations shown in

Tables 2 and 10 are also within the range of levels associated with United

States marine dietary products and are significantly less than concentrations

in many commerical fish consumed in the United Kingdom. Except at Rongelap,

137
concentrations of Cs in mullet are generally lower than the concentration

presently detected in the mullet from the east coast of the United States.

Except for the second trophic-level fish from Rongelap,
239+240

Pu levels in

12



fish are also comparable to those concentrations in similar types of species

consumed in the United States. The Pu concentrations in mullet and convict

surgeonfish from Ron~elap are lower than ave rage levels in pel:l}lic fish

consumed in the United Kingdom. The Pu, however, presently contributes only a

small fraction of the dose from ingestion of marine food products.

DOSE COMPARISONS

The estimated, max imum annual radionuclide dose rates from the

consumption of fish are about 0.01% of the 500 mrem/y Federal guideline for

most atolls and islands and about 0.02% for Rongelap. The 30-y integral doses

range from about 0.01 to 0.06% of the Federal 30-y guideline of 5 rem. The

estimated doses from the consumption of clams is only a very small fraction of

that from the intake of fish (on the average, less than 0.5% for the whole

body and less than 10% for bone marrow). The clams contribute this very small

fraction of the dose in the marine pathway even though detection limit values

were used as the actual concentration. In fact, the concentration in clams

will be less than these values. Therefore, the actual doses from ingestion of

clams will be less than those shown in Table 6 and would actually contribute

an even smaller fraction of the dose relative to fish.

The doses estimated for the various radionuclides for the marine pathway

must be viewed with the likely source of each radionuclide in mind. The doses

listed here are based on the currently observed radionuclide concentrations at

the atolls and islands. The Cs and Sr concentrations in fish from the atolls

and islands are similar to those observed in fish from other locations around

the world in which the concentrations are derived from global fallout.

Therefore, doses calculated for Cs and Sr reflect concentrations of these

nuclides in the water column. These concentrations can increase if any type

of global atmospheric testing occurs because the primary source of these two

radionuclides is from global fallout; any residual activity from the 1950

tests contributes only a small fraction of the activity that is presently

associated with the muscle tissue of fish.

The radionuclide doses are calculated using the current radionuclide

concentrations and assuming that they are removed by only physical (i.e.,

radiological) decay. However, the residence time of Cs and Sr in the upper

oceanic water columns is less than their 30-y half-life. Therefore the doses,

in absence of any further testing, are probably overestimated.

13



The Pu and Am concentrations are higher at the atolls and islands than

expected from global fallout, but the levels in the muscle tissue of certain

species of reef fish are only slightly higher than fallout levels. A source

of these radionuclides, in addition to global fallout, is residual material in

the sediments and coral that was deposited during the test years. However,

the estimated doses from Pu and Am are a very small fraction of the estimated

total doses via the marine pathway, which in turn are only a small fraction of

the current guidelines.

14
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TABLE 1. Average radionuclide detection limits by gamma-ray spectrometry for

1000 min count.

Average

sample

Marine weight,

sample type g

Average radionuclide detection limit (pCi/g dry wt)
60C0 lolRh 102mRh 125~b 137c~ 155EU 207Bi 241Am

Muscle 400 0.008 0.003 0.004 0.01 0.004 0.008 0.004 0.013

Skin 300 0.008 0.003 0.005 0.013 0.005 0.01 0.005 0.017

Viscera 150 0.015 0.007 0.01 0.027 0.011 0.02 0.01 0.033

Bone 150 0.015 0.007 0.01 0.027 0.011 0.02 0.02 0.033

Stomach

contents 15 0.15 0.07 0.1 0.27 0.11 0.2 0.1 0.33

Liver 10 0.23 0.1 0.15 0.4 0.16 0.3 0.15 0.5

16
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TABLE 3. Concentrations of anthropogenic radionuclides in the muscle and

mantle of clams collected from the Northern Marshall Islands during 1978.

--—________ ————

Atoll and
Radionuclide concentration (pCi /kg uec WL)a

–90 137c~ 238
island Species Tissue Sr

239+2LOPU
Pu

26 I
AM

b[l
Lo

_-—. ———.— —.——
Likiop (1.-50) }it~pOp,, S h_~C~pus MIISC Ie <1.4 <0.9—

Plan[ ic 0.9 (2&) <2

Tridacna ~mosaLikiep (L-31) _ ~luscle ‘1.4 <0.7

Mantle 1.1 (so) <3

Taka (}1-1) MP:PUS hlppopus ~USCle <5 <1—

Mantle 2.2 (ho) <0.3

Taka (H-4) Hippo pus hippo pus Muscle

Mantle

Taka (II-G) Tridacna ~as Muscle—— ___ .._

Mantle

Ai}inginae (C-IS) Hippo pus hipp opus Mantle—

Ailing inae (c-24) Tridacna squamosa Muscle——— --c

Mantle

Ailing inae (c-2L) Hippo pus hippop”s FIuscle

Mantle

Woth,] (M-1) !I!Ixw’:E h.iww Uuscle

Mantle

<3

<2

<2

0.9 (

<5

<1

<2

1 (50

<0.8

<5

<0.7

Wotho (M-17) Hi~o~tjs h:ppopus Muscle <1.8— —

Bikar

Rikar

Ailuk

Mantle <0.6

D-1) Hip popus hippo pus Muscle <2

Mantle d

D-I)
b

Tridacna crocea All 4 (40)-— ——
lagoon) Tridacna squamosa Muscle <1.2—--—

Plant le <1.3

Ailuk (A-11) Tridacna crocea Al 1
b

b (60)— —

Rongerik (C-1) Tridacna gi~ Muscle <2——

Hantle <0.7

<2

<2

<2

)) <0.9

--

<0.8

<1

<0.3

<0.3

--

<0.1

<0.5

<0.03

<0.(33

<(J.15

<0.04

<0.09

<0.07

0.2 (50)

<0.05

<0.03

0.17 (40)

0.33 (37)

0.18 (45)

<0.09

0.09 (80)
0.4 (34)

0.37 (27)

<0.09 <0.09

<0.05 0.13 (37

<0.4 4.5 (18)

<0.03 0.33 (34

0.09 (50) 2 (lo)

0.19 (75) 0.39 (50

<0.0> 1.1 (11)

<0.01 0.09 (39)

<0.12 0.2 L. (75)

<0.4 <0.1

0.5 (60) 0.12 (70) 0.12 (3o)

2.6 (38) ~0.07 0.13 (60)

<o. & 0.05 (60) 0.28 (20)

<0.7 0.17 (16) 1.77 (16)

<1 <0.02 0.1 (50)

<1.2 <0.02 0.19 (30)

<1.7 <0.07 0.5 (36)

9.1 (13) <0.09 0.34 (G3)

0.5 (58) <0.02 <0.02

<0.06 <1.3

<0.03 <1.3

<0.0> <>

<0.04 23 (14)

<0.2 <L

<0.07 <2

<0.3 <7

0.27 (35) 14 (2L)

<0.09 <5

<0.05 <2

1.2

lost

0.5

<0.2

0.L2

29) <1

<1

25) <1

<1

(37) 17 (2!))

0.1 (50) <3

0.21 (50) <3

<0.03 <3

0.2 (80) <3

0.7 (70) <3

0.1 (45) <3

0.38 (L>) <3

<0.03 <3

0.2 (30) <4

<0.2 <3

0.4 (Lo) <3

<0.06 <3



TABLE 3. (Continued.)

———.—— .—— —.. ——— -— ——.. .—. ——-— —— -— .-.-—

————- —— —-— ——-—
Romz~rik (G-1)

IJjelang (J-18)

Ujelang (J-22)

Ut

Ut

rik (1-1)

rik (I-1)

Utirik (I-1)

Ronge lap (F-13)

Rongelap (F-13)

Rongelap (F-33)

}Iippopus hi~oyls muscle ‘) (50) <l— -- —

Mant Ie 1.3 (60) --

HiPPOPUS @.mus muscle 3.9 (40) 2.7 (60—

Yanrlr <0.7 <0.4

Tridacna crocea MU SCIC <6 --
———- ——. -

Tridacna crocca Euscle <2 1.2 (60.—

<o.1.lf4

<0.06

<().()3

<0.2

<0.4

<0. l?l

Mantle <2 0.8 (Lo) <0.(306

Tridacna crocea Muscle -- <6 --
——. -— ——

Mantle <3 <2 ().3 (80)

Trldacna crocc.1 MI IS CII? ‘3 1 (Q()) <(). [)/,
-——— --——

tiantle <3 1.3 (5(J) ().22 (29)

EL2P!2F3!2W2P.Q’H M“’c“ ‘2 <0.2 <0.06

Mantle 2 (40) <0.5 0.11(W!

~ippop,,$hjppopusMuscle 9.7 (60) <3 ~13.2

<0.07
0.36(27)
0.36(14)

0.7 (13)

of, (6s)

<cl. >

0.42{14)
--

0.7 (lb)

0./,/, (34)

1.1 (iJ)

<0.08

0.14 (40)

3.G (2)

Mantle 8.1 (50) 2 (Go) 0.15 (37) 31.1 (4)

Iiipygg lI&O& Muscle 3.4 (50) l.fl (60) 0.39 (31) 2’.5 (11)

Mantle 6.9 (11) 1.2 (40) 0.06 (60) {2.6 (5)

Tridacna squamosa Muscle <\.4 2.1 (35) 0.0s (70) ().66 (23)

Mantle <1.7 <0.5 <0.1 &.2 (8)

<0.04

0.1 (>0)

(1.?

lost

(1.49

().2

0.19

--

1<)s[

<0.06

~() )

(’4[)

60)

(28

<3

‘3

<i

<3

<3

--

9.6 (25)

<3

0.27 (30) <J

<().(JLl <3

<(J .(13 <3

1.1 (29) <3

7.L (7) <j

1.4 (16) C3

f+.6 (6) <~

0.5 [2n) <3

2.3 (8) 17 (9)

——
a

The percent standard deviations of the counting error art! in parentheses.
h

Muscle and mantle.



TABLE 4.
90~r

Maximum annual dose rate in mrem/y of ,
137CS 239+240

1 Pu ,
241

and Am for a 200 g/d intake of fish at the Northern Marshall Islands.a

Maximum annual dose rate (mrem/y)

Atoll or island Whole body Bone marrowb

Likiep

Taka

Ailinginae

Wotho

Bikar

Ailuk

Rongerik

Ujelang

Utirik

Mejit

Jemo

Rongelap

0.038

0.06

0.063

0.055

0.079

0.044

0.059

0.044

0.055

0.028

0.067

0.099

0.06

0.069

0.073

0.06

0.089

0.055

0.07

0.048

0.074

0.029

0.09

0.12

aAverage of all fish. Those values below the detection limit were excluded.
b
Includes the dose from Pu and Am that is calculated as the total bone dose

rather than the bone-marrow dose.
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Of 90s,, 137CS)239+240pu’and
TABLE 5. The 30-y integral dose in rem

241
Am for a 200 g/d intake of fish at

the Northern Marshall Islands.

The 30-y integral dose (rem)
b

Rnne marrow
—

whole boay
--.—.

Atoll or island

0.00082
0.0016

Likiep 0.0013
0.0018

Taka

Ailinginae
0.0014

0.0013

0.0019

0.0015

WO tho 0.0018
0.0022

Bikar
0.00098

0.0014

Ailuk 0.0013
0.0018

Rongerik ().00098
0.0012

Ujelang

Utirik
0.0013

0.00063

0.002

0.00065

Mejit 0.0015
0.0024

Jemo
0.0022

0.0032

RongelaP

aAverage of all fish.
Those values below the detection

limit were excluded.

b
Includes the dose from Pu and Am that is calculated as

the total bone dose

rather than the bone-arrow dose.
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TABLE 6.
90~r 137c~ 239+240PU

The 30-y integral dose in rem of ,
24lAM

3 , and

from the consumption of 10 g/d of clams at the Northern Marshall Islands.

The 30-y integral dose Percent of dose

(rem) relative to fish

Atoll Whole body Bone marrow Whole body Bone marrow

Li-kiep

Taka

Ailinginae

Wotho

Bikar

Ailuk

Rongerik

UjeLang

Utirik

Rongelap

0.000008

0.0000071

0.0000025

0.0000017

0.0000042

0.0000063

0.0000089

0.0000043

0.0000084

0.0000071

0.000065

0.00017

0.00023

0.0001

0.00022

0.00015

0.00012

0.00018

0.00015

0.0015

1

0.69

0.18

0.13

0.23

0.6

0.7

0.4

0.7

0.1

4

9.4

12

7.3

10

10

6.7

15

7.5

47
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each radio nuclide for an
intake of

The 30-y integral dose in
rem for

TABLE 7.
a

200 g/d of fish at the Northern
Marshall Islands.

The 30-Y integral dose {rem) ———

137cs 239+240
24LAm

Pu

in total

90 Bone
in toti41

Sr in whole
boneb

boneh

body marrOw

Atoll
bone marrow ~—

0.000046
0.L)oo052

().00085 0.00085
0.00062 0.0001

Likiep 0.0013
().00015

0.00025
0.0013 ().00014

Taka 0.0014
0.000085

0.00027
().0014 0.000062

Ailinginae 0.0013
().000055

().00012
0.0013 0.00013

WO tho 0.0018
0.000019

0.0003
0.0018 0.000026

Bikar 0.00098
().000055

(3.00034
0.00098 0.000067

Ailuk 0.0013
0.000065

0.00031
0.0013 (3.000041

Rongerik 0.00098
(-).00002

0.00012
0.00098

0.00023
0.000052

Ujelang
(3.0013 ().0013

().0005 0.00022
Utirik ().0022

0.00024

0.00053
0.0022

ROngelap

below the detection limit were
excluded.

a
Average of all fish.

Those values

b doses would be about one-fourth of these values.
Bone-marrow
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TABLE 9. Summary of average radionuclide concentrations in muscle tissue from

fish collected at each atoll or island during the Northern Marshall Islands
a

radiological survey.
—————— .— ————— ———- —— ——

[b~lionuclide concentration (pCi/k~ Wet WC)—.————— —_—__.._—.——.— ——. —————.—

Atoll or All reef fishb All pel~gic lagoon fisl]c
——. .—————

9osr 137c~ 239+2hO;U— 261 Am
.—

9~r 137c~ 239+240 241
island Pu Am

—.—-——.—..——————— ——-.-— .—-— ———— -----

Likiep 0.7f(3.6

Taka 0.5

Ailinginae (3.5~(J,3

Wotho <0.3

Bikar 0.5?0.4

Ailuk <0.5

Rongerik o.5~o.3

Ujelang 0.210.1

Mejit --

Jemo <1

Rongelap f).7~o.4

o.04io.03

0.12?0.05

o.lto.07

0.04?0.OL

0.04?0.04

0.04?0.03

o.olto.07

<0.003

<0.002

0.04*0.06

O-3*(3.3

0.02?0.02

0.02

o.02fo.02

O.olfo.ol

O.olto.ol

<0.01

0.009?0.004

<().(305

--

<0.08

o.03fo.03

-.

<0.2

<0.3

0.2

0.4

<0.7

<0.3

<0.3

--

--

<0.3

--

28

22

20

26

16

25

20

--

._

28

--

0.005

0.01

<0.004

0.01

<0.02

0.014

0.02

--

--

0.006

-—

<0.003

<0.006

0.003

<0.01

0.005

<0.006

<0.01

--

--

0.006

———. ———
a

—.
Detection limit values for individual samples are treated as positive numbers for

averaging unless all concentrations were detection limits, in which case the maximum

detection limit is listed as the less-than number.
b
Includes mullet, convict surgeonfish, rabbitfish, rudderfish, goatfish, threadfin, and

parrotfish.

cIncludes grouper, jack, rainbow runner, snapper, tuna, bonito, and mackerel.
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TABLE 10. Summary of average radionuclide concentrations in fish muscle tissue

of individual reef fish and all pelagic lagoon fish collected at the Northern

Marshall Islands.

Radionuclide concentration (pCi/kg wet wt)

9ocJr 137CS 239+240pu

Remaining

Fish All atolls All atolls Rongelap atolls All atolls

Mullet oo5fo.3 lo~8 (3.7~()*51 0.lltO.08 --

Convict surgeonfish 0.8*-J.6 22*11 0.31t0.22 0.09f0.08 .-

Goatfish 005fom6 722 -- -- 0.021t0.026

Parrotfish o.5foo4 1624 -- -- 0.056f0.058

Remaining reef fish 0.3t0.2 1(3*5 -— -- o.o14to.o14

Pelagic lagoon fish 0.3*0<2 2328 -- -- 0.OllfO.008

27



TABLE 11. Concentrations of radionuclides in different United States fresh,

commercial marine foods.

Radionuclide concentration

(PCi/kg wet wt) Reference

90~r 137c~ 239+240 241b

Year
Pu numbe r

Marine food

and location

New York City

New York City

San Francisco

San FranciscO

Chicagoa

Importedb

San Diego albacore

San Francisco snapper

Oregon turbot

North Carolina mullet

San Francisco squid

Shellfish

New York City

New York City

New York City

San Francisco

San Francisco

East and gulf coast

1974

1978

1979

1978

1979

1978

1971-77

1977

1977

1979

1979

1980

1974

1978

1979

1978

1979

--

0.6

0.6

0.3

0.3

--

2

--

Fish fillets

New York City

--

<0.4

--

--

--

1.4

1.5

0.5

0.8

--

--

--

--

--

20~5

24

30

17*2

15

9

--

--

--

--

--

--

1.3--1976d
invertebrates

West coast invertebrates 1976-77 ‘-
1.6

0.0017 --

----

----

—---

----

----

----

----

0.008t0.003 ‘-

0.022 <0.02

<0.07 —-

0.06 --

0.04 -—

----

-- --

--.-

-- --

0.09 0.02

0.15 0.36

29

30

31

30

31

32 and 33

34

35

36
c--

c—-

C--

29

30

31

30

31

37

37

aApril and October catches averaged.
b
Includes fresh, frozen, and canned fish.

c
Unpublished results from LLNL.

d
Includes Mytilus edulis, Crassostrea virginica, and Ostrea equestrls.— —
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TABLE 12. Concentrations of radionuclides in marine fish caught outside of

the United States.

‘1, ar

Radionuclide concentration

(pCi/kg wet wt) Reference

ne food
9r)~r 137 239+2fJ0 241

Location Year Cs P“ Am ntlmbe r

Plaice, cod, flounder,

herring, and mackerel

Plaice and cod

plaice, cod, herring,

and sand eel

Flounder ,and flatfish

$iebastes malsuburai,--..— —

Scombro~s hoops,—.—.— _ __

Hypero&~y~hl laponica—— ..—— ~

Paracaesio caerulpws—. —.—- . . .- —---- -— ,

and Ber~x splendens.- — - _____

Paralichth~s olivaceus—-— -- -- ——______ ~

Lotella maximoniczi——— —_—-—_ ,

Lateolabrax japonicus--.—— .— — —— ~

Katsuwonus ~mis and———. -— ——_~

Ar&vrosomus ar~tatus— — -.—

Whitehsven,

Fleetwond, and

Mnrecambe Bay,

I)nited Kingdom

Irish RepubIic

Nnrthern

977 -- 9100

977 -- 2600

North Sea 1977 -- 120

.1 0.9

-- --

1978-79 -- 19 --

-- --

--

38

38

38

39Tnk.ai, J.?p,?n lq71-75 0.9 7.5 0.099 --

Japan

Japan 1978-79 -- 18 -- -- 40

40

29





REFF,RENCSS

1.

2.

3.

4.

5.

6.

7.

8.

9.

P. H. Gudiksen, T. R. Crites, and W. L. Robison, External Dose Estimates

for Future Bikini Atoll Inhabitants, Lawrence Livermore Laboratory,

Livermore, CA, uCRL-51879 Pt. 1, Rev. 1 (1976).

c. s. Colsher, W. L. Robison, and F’. H. Gudiksen, Evaluation of the

Radionuclide Concentrations in Soil and Plants from the 1975 Terrestrial

Survey of Bikini and Eneu Islands, Lawrence Livermore Laboratory,

Livermore, CA, UCRL-51879 Pt. 3 (1977)-

V. E. Noshkin, W. L. Robison, K. M. Wong, and R. J. Eagle, preliminary

Evaluation of the Radiological Quality of the Water on Bikini and Eneu

Islands in 1975: Dose Assessment Based on Initial Sampling, Lawrence

Livermore Laboratory, Livermore, CA, UCRL-51879 Pt. 4 (1977).

w. L. Robison, W. A. Phillips, and c. s. colsher, Do= A===~e~~ at

Bikini Atoll, Lawrence Livermore Laboratory, Livermore, CA, UCRL-51879

Pt. 5 (1977).

w. L. Robison, C. L. Conrado, R. J. Eagle, and M. L. Stuart, The Northern

Marshall Islands Radiological Survey: Sampling and Analysis Summary,

Lawrence Livermore National Laboratory, Livermore, CA, UCRL-52853 pt. ~

(1981).

V. E. Noshkin, R. J. Eagle, K. M. Wong, T. A. Jokela, and W. L. Robison,

Radionuclide Concentrations and Dose Assessment of Cistern Water and

Groundwater at the Marshall Islands, Lawrence Livermore National

Laboratory, Livermore, CA, UCRL-52853 Pt. 2 (1981).

v. E. Noshkin, R. J. Eagle, K. N. Wong, T. A. Jokela, J. L. Brunk, and

W. L. Robison, Radionuclide Concentrations of Radionuclides in Reef and

Lagoon Pelagic Fish from the Marshall Islands, Lawrence Livermore

National Laboratory, Livermore, CA, UCID-19028 (1981).

R. W. Hi.att and D. W. Strasburg, “Ecological Relationships Of the Fish

Fauna on Coral Reefs of the Marshall Islands,” in Enewetak Marine

Biological Laboratory Contributions 1955-1974, U.S. EnerRy Research and

Development Administration Las Vegas Operations Office, Las Vegas, NV,

NVO-628-1 (1976), VO1. 2.

United States Atomic Energy commission, Enewetak Radiological Survey,

Unit~d States Atomic Energy Commission Nevada Operations Office, Las

Vegas, NV, NVO-140 (1973), VO]S. l-lT1.

30



10.

11.

12.

13.

14.

15.

16.

17.

K. H. ‘wong, “Radiochemical Determination of Plutonium in Seawater,

Sediment and Marine Organisms,” Anal. Chi.m. Acts ~, 355 (1971).

C. D. Jennings and M. E. Mount, The Northern Marshall Islands

Radiological Survey: A Quality Control Program for Radiochemical Analyses

from the 1978 Northern Marshall Islands Survey, Lawrence Livermore

National Laboratory, Livermore, CA, uCRL-52853 pt. 5 (in preparation).

W. L. Robison, W. A. Phillips, M. E. Mount, B. R. Clegg, and

C. L. Conrado, Reassessment of the Potential Radiological Doses of

Residents Resettling Enewetak Atoll, Lawrence Livermore National

Laboratory, Livermore, CA, uCRL-53066 (1981).

N. Greenhouse and R. Miltenberger, Brookhaven National Laboratory, Upton,

NY, private communication (1979).

R. A. Conrad, Ed., A Twenty Year Review of Medical Findings in a

Marshallese Population Accidentally Exposed to Radioactive Fallout,

Brookhaven National Laboratory, Upton, NY, BNL-50424 (1975).

The International Commission on Radiological Protection, Report of the

Task Group on Reference Man (Pergamon Press, Oxford, 1975), pub. 23.

B. C. Bennett, Strontium-90 in Human Bone, 1972 Results from New York

City and San Francisco, United States Atomic Energy Commission Health

and Safety Laboratory, New York, NY, HASL-274 (1973).

B. C. Bennett, .StrontiUM-90 in Human Bone, 1976 Results from New York

City and San Francisco, United States Atomic Energy Commission Health

and Safety Laboratory, New York, NY, HASL-328 (1977).

18. B. C. Bennett

from New York

Environmental

19. F. W. Spiers,

and C. S. Klusek, Strontium-90 in Human Bone, 1977 Results

City and San Francisco, United States Department of Energy

Measurements Laboratory, New York, NY, EML-344 (1978).

Radioisotopes in the Human Body: Physical and Biological

Aspects (Academic Press, New York, 1968).

20. United Nations Scientific Committee, A Report of the United Nations

Scientific Committee on the Effects of Atomic Radiation to the General

Assembly, Ionizing Radiation: Levels and Effects (United Nations, New

York, 1972).

21. F. D. Soby, Ed., A Review of the Radiosensitivity of the Tissues in

Bone (Pergamon Press, Oxford, 1968), pub. 110

31

.—



22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

The International Commission on Radiological Protection, Annals of the

ICRP , Limits for Intakes of Radionuclides by workers fper~amon press,

Oxford , 1979), pub. 30, pt. 1.

The International Commission on Radiological protection, Evaluation of

Radiation Doses to Body Tissues from Internal Contamination due to

Occupational Exposure (Pergamon Press, Oxford, 1968), pub. 10.

The International Commission on Radiological Protection, The Assessment

of Internal Contamination Resulting from Recurrent or Prolonged Uptakes

(Pergamon Press, Oxford, 1971), pub. 10A.

National Council on Radiation Protection and Measurements, Cesium-137

from the Environment to Man: Metabolism and rose, National Council on

Radiation Protection and Measurements, Washington, DC, NCRP-52 (1977).

G. G. Killough and P. S. Rohwer, INLWS-Conversational Computer Codes to

Implement ICRP-10-1OA Models for Estimation of Internal Radiation Dose to

Man , Oak Ridge National Laboratory, Oak Ridge, TN, ORNL-4916 (1974).

R. Mitlenberger and N. Greenhouse, Brookhaven National Laboratory, Upton,

NY, private communication (1979).

v. E. Noshkin, R. J. Eagle, K. M. Wong, and T. A. Jokela) l’T’ransUraniC

Concentrations in Reef and Pelagic Fish from the Marshall Islands,” in

International Atomic Energy Agency Symp. Impacts of Radionuclide

Releases into the Marine Environment (International Atomic Energy

Agency, Vienna, in press).
239+240

B. C. Bennett, Fallout Pu in Diet, 1974 Results, United States

Atomic Energy Commission Health and Safety Laboratory, New York, Ny,

HASL-306 (1976).

c. s. Klusek, Strontium-90 in the Diet--Results Through 1978, United

States Department of Energy Environmental Measurements Laboratory, New

York, NY, EML 356 (1978).

c. s. Klusek, Strontium-90 in the Diet--Results Through 1979, United

States Department of Energy Environmental Measurements Laboratory, New

York, NY, EML 374 (1979).

J. O. Karttunen, Cesium-137 in Various Chicago Foods, April 1978,

United States Department of Energy Environmental Measurements Laboratory,

New York, NY, EML 342 (1978).

32



32.

36.

35.

36.

37.

38.

39.

40.

?-l J. o. Karttunen, Cesium-137 in Various Chicago Foods, October 1978,

United States Department of Energy Environmental Measurements Laboratory,

New York, NY, EML 349 (1979).

R. E. Simpson, F. G. D. Shuman, E. J. Baratta, and J. T. Tanner, “Survey

of Radionuclides in Foods, 1961-77,” Health phys. Q, 529 (1981).

T. R. Folsom, A Summary of Records of Concentrations of Eight Different

Fallout Nuclides Observed in Tissues of Albacore Caught West of

California, 2964-1977, United States Department of Energy Environmental

Measurements Laboratory, New York, NY, EML 356 (1979).

v. E. Noshkin, K. M. Wong, T. A. Jokela, R. J. Eagle, and J. L. Brunk,

Radionuclides in the Marine Environment Near the Farallon Islands,

Lawrence Livermore Laboratory, Livermore, CA, UCRL-52381 (1978).

E. D. Goldberg, V. T.

P. L. Parker, R. W.

E. Gamble, “The Mussel

G. J. Hunt , Aquatic

Bowen, J. W. Barrington, G. Harvey, J. H.

Risebrough, W. Robertson, E. Schneider,

Watch,tt Environ. Conserv. ~, 101 (1978).

Environment Monitoring Report, Number

Martin,

and

3,

Radioactivity in Surface and Coastal Waters of the British Isles, 1977,

Ministry of Agriculture, Fisheries and Food, Directorate of Fisheries

Research, Lowestaft, England, ISSN 0142-2499 (1979).

M. Kurabayashi, S. Fukuda, and Y. Kurokawa, “Concentration Factors of

Marine Organisms Used for the Environmental Dose Assessment,” in Marine

Radioecology, Proc. Third NEA Seminar, Tokyo, 1-5 October 1979 (Nuclear

Energy Agency, Paris, 1979), pp. 335-345.

M. Nakahara, T. Ueda, Y. Suzuki., T. Ishii, and H. Suzuki, “Concentration

Factors of Mesopelagic Organisms”, in Marine Radioecology, Proc. Third

NEA Seminar, Tokyo, 1-5 October 1979 (Nuclear Energy Agency, Paris,

1979), pp. 323-334.

JAS/adf LLNL” 1981/9

33



. .
=-.
c
3Q
—



b’CRL-52s53 I’t. 3

The Northern Marshall Islands
Radiological Survey: Radionuclide
Concentrations in Fish and Clams

and Estimated Doses
Via the Marine Pathway

W. L. Robison

V. E. Noshkin

W. A. Phillips

R. J. Eagle

August 18, 1981

.


